INTRODUCTION
and a range of nutritionally important minerals, such as Na, K, Ca, Mg, Fe, Cu, Zn, Mn [Khalil and Chughtai 1983] . Thus, institutions such as the American Dietetic Association recommend peanuts as part of many diets, i.e. for vegetarians or for pregnant and breastfeeding women, as well as for children at nutritional risk [Craig and Mangels 2009] . Groundnuts are also advised for diabetics: as legumes, they contain slowly digested carbohydrates and have a high fi ber content, which improves glycemic control and reduces incidences of diabetes. On the other hand, peanuts have been classifi ed as "top allergens" or "major food allergens" [Directive... 2003 ].
In recent years, a slight decrease in peanut consumption has been observed in all European countries, which may be due to intensive campaigns about food allergies. Unlike other allergens, such as milk or fi sh, peanuts do not constitute an essential part of everyday diet and can be easily eliminated without the risk of malnutrition. Moreover, peanuts account for the most life-threatening or fatal allergic reactions to foods [Bock et al. 2007 ]. So far, there has been no comprehensive study concerning production, processing, use and consumption of peanuts in European countries. It is not our objective to establish a link between the peanut food chain characteristics and allergy prevalence, as there is no systematic data on peanut allergy prevalence over years. However, evidence shows a systematic increase in the prevalence of various allergies in society, including peanut allergy [Fernán-dez-Rivas and Asero 2014] . Due to low availability of relevant information and knowledge gaps in the existing literature and documents, the present study is based on interviews with experts involved in various stages of the peanut chain, such as peanut farmers (where approapriate), peanut processors, peanut traders, retailers, market specialists, technologists and food manufacturers who use peanuts in their production. The results have allowed to draw a peanut chain diagram, demonstrating critical points in processing technologies and presenting all forms of fi nal peanut products available at the European market.
Interviews with the relevant experts were conducted in four European countries with different peanut experiences, namely Poland, Bulgaria, Spain and the UK. These countries were selected as differing in terms of geographic location (north and south Europe) and their length of presence in European Union (i.e. "old" and "new" members). In the peanut context, their profi les also vary according to the amount and form of peanuts produced, consumed and traded over time. Specifi cally, Bulgaria and Spain are both peanut producers with long-term tradition in peanut cultivation, although at present only Bulgaria counts as a signifi cant peanut producer in European scale, providing approximately 70% of total EU peanut production and having over 90% of total EU peanut cultivation area. The role of Spain as a peanut producer has been systematically decreasing since the mid 90's and now is negligible, not exceeding 1% of the total EU peanut production. As peanut cultivation requires specifi c climate conditions, Poland and the UK do not cultivate peanuts and therefore all peanuts consumed in these countries are imported. A vast majority of peanuts in Europe come from imports. The UK is the largest peanut consumer and one of the leading importers of peanuts in Europe, while Poland is characterised by a systematic growth of peanut supply over recent years.
STATISTICS ON PEANUT PRODUCTION AND TRADE
The objective of this section is to present basic statistics on production and trade of peanuts, which show the origins and quantities of peanuts consumed and processed in the European countries considered in this paper. Statistical data regarding peanut supply in Europe was retrieved from international databases of the Food and Agriculture Organization of the United Nations [FAOSTAT 2014] and of the European Comission [EUROSTAT... 2014] . The FAOSTAT provides free access to downloadable statistics on the quantity of food production, trade, supply, security, prices, agro-environmental indicators, emissions agriculture, and many other factors. The data is available from 1960 and, dependent on the category, reaches 2009--2012. In some cases (i.e. food supply) the most recent statistics were last updated fi ve years ago.
According to FAOSTAT, total world production of groundnuts in 2012 exceeded 41 million tonnes, and was increasing systematically from about 14 million tones in 1961. The largest world peanut producers and exporters are China, India, and the US. In the last decade, China was providing 30-45% of world groundut production annually -and its role is still increasing. Argentina also plays a major role in the world peanut market, particularly as an exporter. Other signifi cant producers and exporters include Vietnam, Nigeria, Indonesia, Sudan, Myanmar and Ghana. Senegal and Brazil used to be considered as both major producers and exporters in the 70's and 80's, while now their role is minor and steadily decreasing. On the other hand, some countries are not signifi cant as peanut producers but play a key role as peanut exporters, e.g. Israel, Nicaragua and two EU countries, namely Germany and the Netherlands. In 2007, the Netherlands shared 7.2% of the global shelled peanut export. There are four countries in Europe that currently produce peanuts, namely Bulgaria, Greece, Spain and, in a very small scale, Portugal. In the past, peanuts were also produced in Italy. At present, Bulgaria is the largest European producer of peanuts.
The European Union is the main importer of peanuts worldwide. The yearly import of in-shell peanuts fl uctuates between 50% and 75% of the world imports of this commodity. According to EUROSTAT, the EU countries import peanuts mainly from Argentina (0.3 million tonnes in 2008), China (0.14 million tonnes in 2008) and USA (0.05 million tonnes in 2008). Other major importers include Brazil, India, Egypt and South Africa, but peanut import from these countries has never exceeded 0.05 million tones. Small amounts of peanuts also come from African countries (Democratic Republic of Congo, Gabon, Ghana and Nigeria). The statistics show that peanuts are imported in three forms: in-shell, shelled and peanut oil. The quantity of peanuts imported and produced by the country is refl ected in FAOSTAT by the category of "peanut supply". Total quantity of the European peanut supply (including EU members and non-EU countries) has been systematically increasing since 1961, and reached 748 thousand tonnes of in-shell peanuts and 524 thousand tonnes of shelled ones in 2009. The EU countries also consume peanut oil, but at decreasing rate: from nearly 780 thousand tones in 1968 to only 175 thousand tonnes in 2009. The major European importers of peanuts (in 2009) were the UK (over 250 thousand tonnes), Germany (210 thousand tonnes), France (155 thousand tonnes), the Netherlands and Spain. The UK also comes second with respect to peanut supply per capita (4.2 kg), after Netherlands (6.2 kg).
FACTORS INFLUENCING PEANUT ALLERGY
Peanut allergy starts usually early in life and is more persistant than other food allergies, with only 20% of patients outgrowing their allergy. Peanut allergy affects on average 1-2% of the world's population, but the prevalence varies between countries, with the highest rates in the US, Canada and the UK (1-3%) and the lowest in France, Denmark and Israel (0.2--0.7%) [Fernández-Rivas and Asero 2014] . However, the prevalence of peanut allergy is a growing problem worldwide, especially in developed countries [Vickery et al. 2011] . Many studies have attempted to establish a link between peanut allergy prevalence and various aspects of peanut farming and processing. According to Zhou and coworkers [Zhou et al. 2013] there are three methods of reducing allergenicity of peanuts: physical methods (heat and pressure treatment, pulsed ultraviolet light), chemical methods (tanning acids, magnetic beds) and biological methods (conventional breeding, irradiation breeding, genetic engineering, enzymatic treatment, fermentation). A vast majority of studies exploring allergenicity of peanuts have referred to the processing methods, especially thermal treatment, as being important factors in determining the degree of allegenicity. Thermal processes have been described as 'high impact' in terms of their potential to induce peanut allergy [Boulay et al. 2008] .
Thermal processing has been found to infl uence the allergenicity of peanut proteins by changing their primary structure [Mondoulet et al. 2005 ]. There are essentially three different thermal processes, namely: boiling, frying and roasting, with roasted peanuts found to be the most allergenic, consequent on the higher temperatures of 120-280°C associated with that process [Maleki et al. 2000 [Maleki et al. , 2003 . Roasting changes the chemical structure and organoleptic qualities of peanuts, producing a distinct fl avour that many consumers associate with peanuts [Kita and Figiel 2007] . However, the temperature of roasting may vary signifi cantly between various products. For example, peanut fl our requires roasting (referred to as "gentle parching") at a temperature of 50-90°C [Matsunaga 1974 ]. The processing method strongly infl uences national cuisine traditions: sensitization and reactivity to peanuts are less prevalent in China than in the US, despite the high rate of peanut consumption in both www.food.actapol.net/ countries, possibly because in China peanuts are commonly fried or boiled, while in the US peanuts are mostly roasted. However, it has been observed that in most European countries, peanut allergy prevalence is rather low, despite the fact that the majority of products present at the market are based on roasted kernels. High consumption of peanut butter in the US may explain high allergy prevalence in American population, which is not the case of Europe and Asia where people consume roasted peanut in other forms, i.e. in salads, although it is unclear why. It also determines peanut cultivars used, for example Runners and Valenzia are usually consumed in roasted forms [Beyer et al. 2001] .
MATERIAL AND METHODS
The paper is based on documentary analysis and interviews with experts. In general, it was diffi cult to fi nd relevant and consistent publications with respect to the peanut food chain. Interview participants were identifi ed during the literature review and the historical documentary analysis. Semi-structured interviews were conducted with key informants in the UK, Spain, Bulgaria and Poland in order to obtain their expert views on trends in peanut production, trade and processing. Interviews were carried out with representatives from a number of key informant categories, such as farmers, traders, peanut processors and food manufacturers. They were recruited via invitation (letter or phone), personal networks and using a snowball method (once an informant agreed to participate, researchers would ask if she knew others who might be willing to participate in the study). Most interviews were held face-to-face, with a few done over a telephone where scheduling face-to-face meetings proved difficult. Overall, 32 experts involved in various stages of the peanut chain participated in the survey. Information about the number of interviews conducted in these countries and themes addressed is provided in Table 1 .
RESULTS
The results of the interviews were analysed and three aspects of peanut chain were distinguished: (1) selection of peanut cultivar, (2) peanut harvesting, storage and transportation, and (3) peanut processing methods.
Peanut cultivars
From over 14000 varieties of peanut in the world, four peanut groups have been distinguished, namely Spanish, Runner, Virginia, and Valencia. The UK trader suggested that most peanuts in the European market are of Runner type. China is the main producer Almost all peanut chain actors refer to quality features defi ning products for which peanuts are to be processed. Runner peanuts have medium, but uniform kernel size and are used mainly for roasted and salted peanuts and for peanut butter. The UK manufacturers claimed that Runner (specifi cally from the US and Argentina) are not so tasty, but safe in terms of afl atoxin and having uniform seeds. Afl atoxin was considered critical by all the respondents and it was discussed extensively with respect to peanut cultivars and country of origin. Thus, Runner from the US and Argentina are preferred by the manufacturers who use the same varieties in particular products to maintain their quality. Besides, taste comes secondary since manufacturers add fl avours to peanuts. Virginia peanuts have the largest kernels and are often used in premium packs. A Spanish food manufacturer said that consumers prefer Virginia peanuts because of their large size and relatively low price. Virginia peanuts, blanched or fried, are in fact the most popular after pistachio in Spain. Spanish-type peanuts are sweet and small, covered with a reddish-brown skin. They are predominantly used in confectionary, snacks, peanut butter, ethnic food and health food (raw). Valencia-type peanuts have small and very sweet kernels covered in a lightred skin. They are sold in shell, fresh or boiled, which is considered very tasty. Bulgarian variety Kalina have been described by the farmers as very tasty and aromatic and able to be eaten without processing, but they also claimed that it is of irregular quality, expensive and produced only in small amounts. Thus, Bulgarian food producers prefer to use imported peanuts (mostly Chinese Virginia) due to more favourable pricing.
Some of the respondents revealed that they did not ask for a specifi c cultivar, but rather looked for taste and size of kernels. A UK trader claimed that small peanuts are generally more tasty, while a UK manufacturer admitted that he selects peanuts based on the price and size of kernels, while type of cultivar is not mentioned in his purchasing contract. In Poland, food producers and traders had no information about which peanut cultivars were preferred or used in peanut products.
Peanut harvesting, storage and transportation
The initial step in peanut processing is harvesting. Harvesting is usually followed by mechanical drying. Peanuts dry naturally in the fi eld (in Bulgaria) or on a threshing fl oor which allows control of the humidity level (in Spain) before storage. Moisture in groundnuts should be kept below 12% to prevent afl atoxin moulds [Emission... 1994] . After being harvested, peanuts are stored in farmers' attics or basements (Bulgaria) or in cold-storage rooms during the summer (Spain). Peanuts are susceptible to afl atoxins because they grow in the ground, where the afl atoxin fungus develops. Afl atoxins cannot be eliminated through processing so it is important to detect them prior to processing. From the mid 90s, EU regulations control the level of toxins and pesticide residues in imports. In the UK, afl atoxins are tested both by the importing companies and the Health Authorities. In Bulgaria, following the EU accession, traders stopped importing peanuts from China during the period of May-September, adopting new regulations concerning afl atoxin control. Bulgarian traders also noted that in the past, much of their peanut import came from Sudan, but this has now stopped due to high afl atoxin levels. For the same reason, UK informants claimed that growing peanut imports from Africa and India are used mainly for the bird market and not for food, in spite of their fi ne taste (India) and organic farming (Africa). This has been a major change, since most peanuts imported to Europe were from African countries for the fi rst decades after the second World War. Moreover, the UK run the so-called groundnut program in Gambia and Senegal, which has turned almost the entire economies of these countries to peanut production. This changed after 1970, following EU aoxin regulation, causing many African countries to stop exporting peanuts to Europe. Only a few of these (e.g. South Africa) have the knowledge and investment to be able to produce quality peanuts on a large scale. On the other hand, traders observed a growing demand for organic peanuts (now approx. 500 tons per 100 000 tons of peanuts). However, organic peanuts, certifi ed by the European Soil Association, are also very diffi cult to provide, mainly because of the possibility of peanut infestation, necessitating fumigation before the peanuts get shipped (and organic fumigants are not particularly effective).
Peanuts are shipped to Europe in 20 or 40 foot containers and are stocked for 3 months in the ship. Although temperature and humidity are controlled, imported peanuts undergo numerous health inspections. Spanish respondents pointed out that peanuts cannot be stored with other dried fruits and nuts. Traders buy peanuts in 20 tones containers, raw or blanched. They store peanuts in temperature controlled warehouses (8-10°C) in order to avoid the growth of mould, infestation or oxidation (to avoid rancidity). Manufacturers declared that peanuts should be stored in closed premises, with temperatures below 18°C and the humidity level not exceeding 65%. Some UK manufacturers test peanuts for afl atoxin on site. They store peanuts in warehouses under various conditions: some peanuts are stored at ambient temperature (20°C), while others send them in vacuum bags or controlled temperature. Stored peanuts are spread throughout the year in order to keep the product fresh. Peanuts can be fumigated in the country of origin to avoid risk of infestation. Warehouses are also fumigated (CO 2 chamber) to decrease the risk of cross-infestation. As such, no pesticides are used and using CO 2 is cost effective.
Storage condition is important for the shelf life of peanuts. Shelf life depends on the variety of the peanut and is affected by air, heat, or anything else causing oxidation. Although UK manufacturers declared that peanuts stored in a temperature controlled environment can be kept for a couple of years, Spanish traders pointed out that it has changed. Specifi cally, fi ve years ago, peanuts could be stored for up to one year. Nowadays, peanuts are usually stored for 10 or 15 days at the most in order to avoid problems with afl atoxins. The maximum time of peanut storage now is about one month. In general, all respondents claimed to use special bags that protect peanuts from humidity and periodically check their stock for infestation. Peanuts are often packed in vacuumed bags (especially fried). The UK peanut manufacturers also added that 25-30 years ago people could buy loose peanuts from market stalls or shops but then the problem of cross-contamination resulted in everything being packaged. Interestingly, no respondents were aware of any legislation regarding the storage of peanuts. Moreover, storage conditions seemed to vary according to the country of origin. For instance, in shipments from the US, silica gel is added to the containers to take out the excess moisture so no mould develops. Some traders agreed that in the USA most of the storage is air-controlled.
Peanut processing
Major post-harvesting steps include processing for in-shell consumption and shelling peanuts for use in other products. Peanuts undergo various processes, and their sequences are determined by the nature of the fi nal product. These processes can be classifi ed according to: (1) character of processing (thermal and mechanical), (2) shelled and in-shell processing, and (3) products received (end and half-product).
Thermal processes consist of boiling, roasting and frying. Boiling consists in boiling raw and freshly harvested peanuts in salty water for many hours. Peanuts for boiling are available only during the harvesting time (May-November). Boiled peanuts have a short shelf life unless refrigerated or frozen. They are popular in America and China, while being almost unknown in Europe. Roasting, and more specifi cally "dry roasting", is the process of drying peanuts in a hot air of 120-280°C. Roasted peanuts are immediately cooled to 30-35°C in cooling boxes or conveyors to stop the roasting process. Roasting is a time-temperature relationship, but the longer the peanuts are roasted, the darker and harder they get and the more diffi cult for further processing. Frying, also referred to by the respondents as 'oil roasting', consists of heating peanuts in hot oil (120-150°C). Fried peanuts are cooled by blowing large quantities of air over them. All peanut processors admitted that roasting and frying are cheap and fast processes. However, the costs of frying depend largely on the costs of oil. The UK processor noticed that the type of oil determines quality of peanuts, for example, the use of rapeseed oil gives a long shelf life, good fl avour and ensures there is no issue with GM food. In Poland, palm oil is used to fry peanuts due to its low price. An expert admitted that in Poland, virtually the whole food industry is based on palm oil.
The main mechanical (non-thermal) processes consist of shelling, crushing, blanching, chopping and grinding. Shelling begins with removing the foreign material using various screens, blowers and magnets. Then, peanuts are sized by screen graders to divide pods into desired sizes, so that hulls can be crushed without breaking the kernels. Peanut kernels are separated using shaker screens and air separators. Undersized and split kernels are also removed. Next, peanuts are again screened, sized and graded, then bagged for sale to other users in the peanut processing chain. Split peanuts and peanut hearts are usually crushed for oil, and the leftovers (peanut cake) are sold at the feed market.
Crushing for oil, according to the respondents, is no longer done in Europe but in the country of origin. Some peanut farmers in Bulgaria still produce peanut oil, using lower quality kernels (split or undersized) or peanut hearts. A UK trader mentioned that the last time he sold peanuts for crushing was in 2002. Producers do not want to crush peanuts due to afl atoxin contamination in peanut cake -a case of which happened several years ago. Since then, European crushers have gone for other crops, such as soya or rapeseed, while crushing peanuts is not worth it as they would have to clean up their plant because of allergy cross-contamination issues. Peanut oil can be used as an ingredient in a wide variety of products, including food (i.e. Chinese and Vietnamese dishes, milk blends) and non-food (i.e. medicines -e.g. vitamin D and A, cosmetics). It has many advantages as it is tasteless and can be heated to very high temperatures before it smokes (232°C), which is hotter than most other cooking oils. With such temperatures, food will cook faster and absorb less oil. In addition, peanut oil does not absorb or transfer fl avours, so the same oil can be used repeatedly to cook different foods. However, the consumption of peanut oil in most European countries is systematically declining (epp.eurostat.europa.eu) due to high prices (Poland, Bulgaria), allergy issues (UK) and regulations (Spain). Specifi cally, Polish and Bulgarian processors and manufacturers said that peanut oil is very expensive compared to a cheap and widely available palm or sesame oil. UK traders claimed that peanut oil was in the past used in fi sh and chips shops, but now this has stopped for fear that peanut proteins in the oil could make it dangerous for people with peanut allergy. In the USA, peanut oil is highly refi ned but the processing methods are kept confi dential. In Spain, traders complained that the government has not yet modifi ed regulations concerning peanut oil in accordance with the EU, a fact that substantially restricted production and trade of peanut oil in the domestic market.
Blanching is the process of removing the reddish skin covering the kernels. Despite applying high temperatures, this process was referred to by peanut processors as a mechanical process. There are several blanching methods, for example dry and water blanching. Dry blanching heats kernels through a warm air to approx. 138°C for 25 minutes to break and loosen the skins, then cools them and passes them through large rollers to rub the skins off. Dry blanching additionally removes the kernel heart (by electronic screening), which is not desired in certain products due to its specifi c fl avour (i.e. in peanut butter). Water blanching uses hot water sprayers to loosen the skins, while spin blanching slackens the skins by the steam and removes them by spinning on revolving spindles as the kernels pass on a conveyor. Whether or not groundnuts are blanched to remove the skins depends on the manufacturer. Some manufacturers request them with the skins on, claiming that this produces a unique fl avour and makes the product more attractive visually to the consumer because of the dark spots. Sometimes blanching is performed after roasting, which allows a desired amount of skin to be kept on the kernels.
Chopping and grinding are purely mechanical processes, however, fried peanuts cannot be easily ground as they are too oily. Moreover, peanuts for grinding should not be over-roasted because they get very hard, and could damage the mills.
Processing for in-shell consumption starts with separating foreign material (i.e. soil, stems and leaves) from the peanut pods, which are then washed in wet sand removing stains and discoloration. In-shell peanuts sold in the shops are mostly roasted, although they are often mistakenly called "raw". Yet, actual raw peanuts are becoming a growing health-food market in the UK. For in-shell roasting, peanuts are cooked at medium heat for about 15 minutes. Peanuts may be plain roasted, or seasoned or salt roasted in-shell. Peanuts are washed and seasoned prior to the roasting by the seasonings dissolved in water and forced through the shells by a pressure process. Figure 1 presents the peanut processing schema developed based on the interviews with peanut processors from four European countries questioned during the survey. It summarizes information about all types of processes that peanuts undergo (thermal and mechanical), and synthesizes it with information on peanut containing products available at the European market.
Thermal processes are presented in diamondshaped windows as the critical points in considering the infl uence on peanut allergenicity. According to the processors, blanching can be prepared before or after the roasting or frying of peanuts, and on demand of a food manufacturer. Many products use peanuts with skins, which make a specifi c fl avour, for example coloured peanut dragees popular at the European and US market. Asked whether peanuts are mostly fried or roasted in the chain, a Polish processor was not sure, while in Bulgaria, one processor claimed that fried peanuts are not very popular due to perceived high fat content and risk of rancidity. On the contrary, fried peanuts are increasingly popular in Spain. It is very diffi cult for an average consumer to distinguish between fried or roasted peanuts. Moreover, as roasting is cheaper, some peanut processor in the past used to sell roasted peanuts as fried.
Peanuts can be consumed in a variety of forms and products. The most widely known ones are snacks, salted or sweet. Salted peanuts can be produced of roasted or fried kernels. After roasting or frying, peanuts are spread with oil and salt. In recent years new fl avours have been developed for salted peanuts, including spicy, pepper, tomato, barbecue, onion, and basil, to name but a few examples. Processing technology of fl avoured peanuts is very similar to that of salted ones. However, there are two types of fl avouring sprinkles available at the market: those requiring thermal processing and those not requiring this. Hence, the use of a particular sprinkle determines whether peanuts will be roasted or fried. Peanuts coated in starch (with spices or fl avours) are produced of blanched kernels, coated in starch and then fried. In Bulgaria, they are sold as 'beer peanuts' and are very popular among beer drinkers. Sweet peanuts are made of kernels (blanched or not) sprayed with the solutions of honey, caramel or sugar with water and stabilizers, and then fried. One of the peanut processors emphasized that such products are always fried: roasting is impossible due to stickiness that may damage the oven. Hence, the term 'honey roasted' is incorrect and results perhaps from a mistranslation. As in the case of fl avoured peanuts, consumers have various preferences for sweet peanuts. For example, caramel peanuts have never been popular among Polish consumers; they also did not accept chicken-fl avoured peanuts, which Polish manufacturers instead export on a large scale to Ukraine.
In-shell roasted peanuts as well as roasted shelled peanuts may be packed for direct consumption. Roasted whole kernels are often present in so-called 'health food products', including nuts and dried fruit mixes, breakfast cereals and musli bars. Nuts and dried fruit mixes usually consist of raisins, peanuts, other nuts (cashews, walnuts, hazelnuts) and almonds. To 'premium' packs, other dried or candied fruits (i.e. cranberries, orange, pineapple) can be added. These mixes are also known as 'student food' as they are recommended as a healthy alternative to sweets during particularly intensive intellectual effort. They have started to become popular in all European countries as a healthy alternative to other snacks.
Fried and roasted peanuts are also used as intermediates for further processing. Whole roasted groundnuts are sold to confectionary producers who transform them into various peanut dragees, including chocolate or yoghurt coated, and/or glazed, or add them whole or split to chocolate and candy bars. Chopped kernels are made of blanched and roasted peanuts and are sold for cooking (baking), as additive in various chocolates, candy bars, pralines, nougats, wafers and ice-creams. They are also sold as decorative meat sprinkles after adding some food dyes. Chopped or whole peanuts are also sold to Indian, Chinese, Vietnamese, Thai or Mediterranean manufacturers and restaurants, where peanuts are an ingredient of ready meals (i.e. salads, sauces). Some oriental crackers include whole roasted kernels covered in rice and sesame fi lm. Generally, a vast majority of products are based on blanched and roasted peanuts.
Peanut paste is made of roasted and ground peanuts, and as such constitutes a base for a broad range of products, including salted snacks and sweets. Examples of sweets containing peanut paste include wafer, chocolate confections, candy and praline fi lling, some dragees, halva, as well as a number of chocolate creams (spreads, i.e. cashew butter). To produce sweet fi lling, peanut paste is homogenized with milk, sugar and stabilizers (sometimes fi nely chopped peanuts are added to the fi lling). Peanut paste salted and seasoned may be used in a number of salted snacks, such as corn crisps. In Bulgaria, a special peanut paste called tahina is produced of skinless roasted peanuts. It is very similar to peanut paste, and likewise peanut paste constitutes a base for many products, including salad dressings, desserts, spreads, snack dips, and halva. Yet, tahina can be also consumed directly in the form of spread or bars. Bulgarian manufacturers use peanut paste to produce peanut dressings (paste homogenized with water, egg mix, spices and refi ned sunfl ower oil). Peanut paste is also used to produce peanut butter, which in turn can be a component of other products, such as peanut punch or candy bars. Nowadays, many peanut butter producers buy peanut paste from the processors and mix it with taste improving agents. Interestingly, peanut butter is not very popular in Europe, while in the USA a majority of peanut supply is processed for butter. www.food.actapol.net/ Peanut fl our is made of partially defatted and finally ground roasted peanuts, in dry powder form. It is a an ingredient of various confectionary and bakery products, energy snacks and drinks (i.e. energy bars) as well as sauces, dressings and giblets. It has some technical advantages in food production, such as increasing shelf life through reducing the amount of fat, and eliminating the migration of peanut oil to cocoa butter in chocolate confections. However, most processors and manufacturers interviewed did not use peanut fl our.
Finally, shells, skins and kernels are used to make a broad variety of non-food products. For example, the shells may be used in wallboard, fi replace logs, fi bre roughage for livestock feed and kitty litter. Peanuts are often used as an ingredient in other products such as detergent, salves, metal polish, bleach, ink, axle grease, shaving cream, face creams, soap, linoleum, rubber, cosmetics, paint, explosives, shampoo, and medicine. In African and Asian countries, peanut plants are used in agriculture (hay and animal feed). Peanut meal/peanut cake (made from the by-product of peanuts pressed for oil) is an important high protein animal feed. In the UK, a lot of peanut supply is used in the bird market. One trader also said that most peanuts are for industrial, not food use.
DISCUSSION
The schema demonstrates a range of end products that are based on peanuts and the processes they undergo from the beginning of the chain (i.e. shelling). Products based on roasted peanuts appear the most allergenic. However, the majority of foods are based on roasted peanuts, including salted, sweet and fl avoured peanuts, peanut butter, chocolates, confectionary, wafers, ice-creams, and ethnic food (i.e. Indian or Thai cuisine) using chopped roasted kernels in salads and meat. However, some processors admitted that for the consumers, it is diffi cult to distinguish between roasted and fried peanuts.
It is worth noting that the peanut processing schema involves various actors, who may play multiple roles in the chain determined largely by the costs. Traders import peanuts in various forms -in-shell, shelled, peanut oil, raw or blanched. Some traders also process peanuts, i.e. Bulgarian traders fry, roast, and produce salted or fl avoured peanuts, peanut butter, fl our and peanut oil. Traders sell peanuts to processors (i.e. roasters), confectionary traders, food manufacturers, bakers, retailers, health food shops and supermarkets. Bulgarian traders pointed out that there are high taxes in large supermarkets so they trade only with smaller ones. Peanut processors purchase groundnuts from traders or directly from producers or dealers in the country of origin. For instance, British manufacturers purchase peanuts from traders or directly from a co-operative in the production area. In Spain, processors import raw peanuts but in different forms: in shell, shelled and shelled without skin. They process peanuts and sell them to traders, food manufacturers (especially confectionary producers and bakers) and to large supermarkets. Confectionary producers buy peanuts mostly in roasted form or in form of the peanut paste. They purchase peanuts either from a national processor or from the country of origin. Some respondents pointed out that it is cheaper to blanch peanuts in a country of origin. In Poland, food manufacturers buy already processed peanuts from national peanut processors. In the past, they processed peanuts themselves (mostly by roasting), but now it is cheaper to buy from external suppliers. The only processing they do is grinding peanuts with sugar and milk to produce wafer fi lling. Finally, all goods are sold to supermarkets, who in all countries are the main distributors of peanuts, although peanuts are also sold in small shops or at green markets.
Peanut processing technology has not been subjected to major changes over the years. All processors pointed to new machinery that allows a higher capacity of processing, but technology per se has not been altered. Yet, the peanut processing machinery lasts for a very long time and therefore many processors and manufacturers (especially smaller ones) may have equipment older than thirty years. Manufacturers would not invest in new equipment or technology if the peanut market were unstable, as it is in Bulgaria. Besides, different oils are also used to fry peanuts now comparing to some years ago, i.e. sesame oil (Bulgaria) or palm oil (Poland) instead of more expensive peanut oil. A Polish manufacturer asserted that he last used peanut oil for frying 12 years ago. Other differences between the current and previous peanut processing practices, brought up by the new EU member peanut allergy. Acta Sci. Pol., Technol. Aliment. 13(3), 321-333.
www.food.actapol.net/ states (Bulgaria, Poland), related to strict safety procedures imposed by EU norms. Some manufacturers also noted that in the past, they processed peanuts by themselves, while now it is cheaper to buy them already processed from external supplier, mostly national peanut processor. Nonetheless, a UK informant stated that it is cheaper to buy peanuts processed in the country of origin, rather than from a domestic processor.
CONCLUSIONS
This paper has analysed the various stages of the peanut food chain, starting with cultivation and then moving on to the processing methods. The nature of peanut cultivars, and the source of the main importers of peanuts into Europe have been also discussed. The aim of the analysis was to provide a baseline understanding of the sources of variability in peanut products that might potentially inform our understanding of differences in peanut allegy across countries (which has been verifi ed, although the precise differences across the countries in this study, and Europe more widely, has yet to be documented, although it is a goal of the EU-funded project of which this research was a part). Our analysis was intended to be based on a documentary review of evidence, although our searches revealed that much of the evidence we sought simply did not exist or was not practically attainable. As such, we needed to fi ll out the peanut 'schema' through accessing key experts, conducting interviews with an array of relevant experts, such as peanut farmers, processors, traders and food manufacturers. The study was carried out in four European countries having different experiences with peanuts, namely Spain, Bulgaria, UK and Poland. The analysis of peanut import to Europe indicated that the EU countries import peanuts mainly from Argentina, China and the US. However, neither country of origin nor peanut cultivars seem to have impact on peanut allergenicity. The main factor responsible for the increased allergenicity of peanutsthus far determined by research -is the application of high temperatures (280°C), which is typically applied during roasting. Frying and boiling are also thermal processes, but fried and boiled peanuts are known to be associated with lesser allergenicity.
Further research is necessary concerning this issue, as it has been observed that societies in which peanuts are consumed in fried or boiled forms (i.e. China) have lower peanut allergy prevalence compared with the societies consuming roasted peanuts (i.e. US). However, according to our schema, a majority of peanut products at the European market are based on roasted kernels, which is important information for consumers with peanut allergy. More research is also needed as regards the infl uence of various additives, such as chocolate (which is also considered an allergen) on the allergenicity of peanuts. In addition, the use of peanuts in non-food products needs more investigation. Peanut oil is used in many popular cosmetics and in vitamins. Shells, skins and kernels are also present in cosmetics, medicines and household chemicals. However, most of the key informants interviews during this study in four EU countries had no or very little information on peanut allergenicity. The main health safety concern mentioned by almost all the respondents was not allergy but afl atoxins, discussed extensively with respect to the country of origin.
